including 2-and 3-oxo-cyclopentyl radicals which are in reasonable agreement with 6 the literature. These radicals can be formed via H-atom abstraction reactions byḢ 7 andÖ atoms, andȮH, HȮ 2 , andĊH 3 radicals, the rate constants of which have been 8 calculated. Abstraction from the β hydrogen atom is the dominant process whenȮH 9 is involved but the reverse holds true for HȮ 2 radicals. The subsequent β-scission of 10 the radicals formed are also determined and it is shown that recent tunable VUV pho-11 toionization mass spectrometry experiments can be interpreted in this light. The bulk 12
Introduction

16
Bio-derived fuels can be used to displace fossil fuels in practical combustion devices to lower 17 greenhouse-gas emissions. Cyclopentanone is a ketone that can be bio-derived because this 18 chemical class is formed when fungi break down cellulose, a major component of biomass.
1,2 19
Moreover, cyclopentanone is a component in mixtures formed from the pyrolysis of biomass,
20
for example, during the fast pyrolysis of aspen wood chips. Cyclopentanone has fuel properties that are attractive for applications in spark-ignition 22 internal-combustion engines. It has the lowest autoignition reactivity of a number of biofu-23 els.
4 These properties make cyclopentanone especially attractive as a blending component for 24 use in boosted spark-ignition engines because of its resistance to autoignition. Downsized,
25
boosted spark-ignition engines are an attractive technology that allows higher efficiencies 26 than most current spark-ignition engines in the light-duty ground transportation market.
27
This means cyclopentanone is not only attractive because it can be bio-derived, but also 28 because its properties allow gains in engine efficiency; both of these characteristics yield po-29 tential reductions in greenhouse gas emissions. Cyclopentanone forms dimers 6 through quite 30 weak hydrogen bond interactions C -H····O which probably accounts for its higher density 31 and boiling point in comparison to the acyclic diethyl ketone.
32
Engine simulations can be used to assess the potential of cyclopentanone as a blending 33 agent in gasoline, but these require a chemical kinetic model to simulate its ignition proper-34 ties; such a mechanism is not currently available. The mechanism needs to be valid for use in 35 predicting combustion in both spark ignition and compression ignition engines. This means 36 the mechanism should be predictive for end-gas autoignition and flame speed, and ignition 37 phasing in a homogeneous-ignition compression-ignition engine. To achieve this predictivity,
38
2 it is recommended that the mechanism should to be valid for conditions of pressure from 3 39 to 50 atm, at temperatures from 600 K to 1500 K, at a dilution of up to 20% (by exhaust gas 40 recirculation) and at equivalence ratios of 0.5 to 1.0. The objective of this work is to provide 41 rate constants and product channels needed to support the development of a chemical kinetic 42 mechanism for cyclopentanone.
43
The molecular reactions of a six-membered cyclic ketone, cyclohexanone, has been stud-
44
ied by Zaras et al. 7 at the G3B3 level of theory. In a companion experimental work on 45 cyclohexanone oxidation in a jet-stirred reactor they discuss qualitatively the fate of the 46 three radicals produced by H-atom abstraction from the parent ketone. 
78
To achieve more reliable energies of the various species along the potential energy surfaces, we have employed the CCSD(T) (coupled-cluster approach with single and double substitutions including a perturbative estimate of connected triples substitutions) method with the correlation-consistent polarized split-valence multiple-ζ basis sets, cc-pVTZ, and cc-pVQZ 15 for hydrogen abstraction byȮH radicals. The CCSD(T) total energies were extrapolated to the complete basis set (CBS) limit according to the procedure of Halkier et al.
:
where X = 4 for the cc-pVQZ basis set. the Gaussian-09 20 application.
88
The zero-point corrected electronic energies barrier heights using the G4 method were 89 used in conjunction with scaled frequencies and rotational constants to calculate the high- Fourier series to the M062X/6-311++G(d,p) energies along the relaxed internal rotation.
96
The remaining conserved modes were treated as harmonic oscillators. 
100
RESULTS AND DISCUSSION
101
Geometry of cyclopentanone 102
Cyclopentanone (CPO) is a non-planar five membered ring with C2 symmetry and the 103 labelled structure is shown in Fig. 1 ; Cartesian coordinates, vibrational frequencies and 104 rotational constants for CPO and other species are provided in the Supplemental Material.
105
The hydrogen atoms occupy positions which may be loosely described as 'equatorial' (eq) 106 and 'axial' (ax) at both the α-carbons adjacent to the ketonic group, C2 and C5, and the post-reactions complexes were found for the β eq site. The high-pressure rate constants were obtained using the barrier heights computed by the G4 method because these computations were tractable for all the reactions considered in this work. For H-atom abstraction byȮH radicals from the adjacent or α-carbon atoms C2
and C5 to yield the CPO-2 radical the total rate constant is calculated to be, in cm 3 mol
and that from the remote β-carbon atoms C3 and C4 to give CPO-3:
Thus, over the fitting range of 500-2000 K abstraction predominantly occurs from the β 159 positions decreasing slightly as the temperature increases, Fig. 4a .
160
There is no data in the literature against which these calculations can be tested except Abstraction from the β carbon atoms is always faster than from the α carbon atoms, in essence a six-membered ring system.
177
In summary, the hydrogen bond formed in the transition state leads to a relatively stable 178 six-membered-ring structure and thereby lowers the barrier height but also lowers the entropy and this is reflected in the computed rate constants.
203
Total rate constants for abstraction by HȮ 2 radicals are calculated to be (in units of cm are somewhat more reactive than the β-carbons but the differences are slight.
215
For H-atom abstraction byĊH 3 radicals, the rate constant for the α channel is faster than hydrogen atom in an n-alkane provided by Manion et al. 35 The electronic energy barrier 219 heights for abstraction of the β hydrogen atom are 6.8 kJ mol −1 (β eq) and 11.5 kJ mol −1 (β 220 ax) lower than abstraction of the β H-atom in THF and the rate constant from the CPO-3
221
(β) site is faster than for the β site in THF.
222
For H-atom abstraction byḢ atoms, the α rate constant is faster than the β rate constant 
37,38
234
Fate of cyclopentanone radicals
235
The 2-oxo-cyclopentyl radical is more stable than the 3-oxo isomer and the equilibrium 
251
The calculated Arrhenius parameters for these reactions are listed in Table 3 
Conclusions
268
The thermochemistry of cyclopentanone and its radicals has been computed. In addition, 
273
We have carried out a systematic detailed study of the energetics and chemical kinetics 274 of the hydrogen atom abstraction reactions from cyclopentanone byḢ andÖ atoms andȮH,
275
HȮ 2 andĊH 3 radicals.
276
For H-atom abstraction byȮH and HȮ 2 radicals, pre-and post-complexes were formed 277 in most of the reaction channels especially for abstractions at the α position.
278
16
The fate of the initially formed oxo-cyclopentyl radicals is delineated and it is shown that 279 3-oxo-cyclopentyl is more reactive than 2-oxo-cyclopentyl, and consequently, in accordance 280 with very recent observations, production of 3-buten-1-yl radical and CO is favored.
281
The results of this work are suitable for inclusion in present-day detailed chemical kinetic 282 mechanisms, replacing estimated values which have been determined by analogy. However,
283
there are other reaction classes, for example, the reaction of CPO-2 radical with HȮ 2 or 284 of CPO-3 with molecular oxygen followed by subsequent isomerization and decomposition. 
